I. INTRODUCTION
Kaon beams are called to play a relevant role in studies of hadron dynamics. So far kaon beams in the GeV range are available at the Japan Proton Accelerator Research Complex (J-PARC) [1, 2] . Kaon beams of low energy from φ decay are available in the Phi-Factory at Frascati [3, 4] . The COMPASS collaboration at CERN can also select events coming from kaon induced reactions [5] [6] [7] . In addition the planned K L factory at Jefferson Lab has passed the first steps for approval [8, 9] . The main aim of this latter factory is the study of strange hadron spectroscopy, but its potential for non-strange hadron studies is also relevant. In this sense, having this facility in mind, a proposal was made in Ref. [10] to produce the f 0 (980) and a 0 (980) resonances inK induced reactions on protons, which should shed light on the much debated nature of these resonances.
In the present work we make a proposal that shows the usefulness of such facilities to provide relevant information on the nature of the "f 1 (1420)" resonance, which is catalogued in the PDG [11] as a standard resonance. This resonance has been observed in many very high energy reactions, as proton or pion induced, e + e − , γγ and J/ψ decays, and exceptionally in one experiment with a K − induced reaction at 32.5 GeV/c in Serpukhov [12] . One of the peculiar properties of this resonance is that it is only seen in the KKπ decay mode, supposed to be K * K + c.c., with a small fraction seen in the a 0 (980)π channel. However, the right to be catalogued as a standard resonance was challenged in Ref. [13] , where it was proved that in such reactions the f 1 (1420) peak appeared naturally as the K * K + c.c. decay mode of the f 1 (1285) resonance, which showed two peaks in the KKπ decay channel, one at the nominal f 1 (1285) mass and another one around 1420 MeV, where the K * K channel with K * on shell becomes open. The small fraction of a 0 (980)π decay was also shown in Ref. [13] to correspond to a triangle singularity decay mode of the f 1 (1285).
In the present work we show that the f 1 (1420) peak can also be produced in the present and future lower energy Kaon Facilities with reactions that one has under control theoretically, such that their experimental search and comparison with the theoretical predictions can shed much valuable light on the origin and nature of the "f 1 (1420)" peak. For this purpose we propose several reactions, all tied among themselves, K − p → Λ(Σ 0 )K 0 K − π + , andK 0 p → Σ + K 0 K − π + , for which we make evaluations of the cross section, with the assumption that the f 1 (1420) is only a manifestation of the K * K + c.c. decay mode of the f 1 (1285). We make absolute predictions of the cross section for the three reactions, and the strength of this cross section around the f 1 (1285) and f 1 (1420) peaks results as a consequence of the assumed nature of the f 1 (1285) as a dynamically generated resonance of the pseudoscalar-vector meson interaction [14] [15] [16] [17] . The measurement of the cross section can also provide support for this latter hypothesis, but the peak of the f 1 (1420) is simply a consequence of the coupling of the f 1 (1285) to the K * K channel, which is corroborated explicitly by the experimentalKKπ decay mode of the f 1 (1285) (see also a theoretical description of this decay mode in Ref. [18] ).
II. FORMALISM
The f 1 (1285) axial vector meson has the quantum numbers I G (J P C ) = 0 + (1 ++ ). Using chiral Lagrangians for pseudoscalar-vector interaction [19] and a chiral unitary approach in coupled channels, the axial vector mesons emerge as a consequence of the interaction [14] [15] [16] [17] . In particular the f 1 (1285) is the cleanest example, appearing in a single channel K * K − c.c.. Concretely the state is given, with the isospin convention (K + , K 0 ), (K 0 , K 0 ) and C(K * + ) = −K * − , etc., by
The coupling of the state to this K * K −c.c. combination in s-wave obtained from the residues of the t f 1 ,f 1 amplitude at the pole
with z the complex energy, and z R the complex pole position, is given by
We shall take the second value in our calculations. The t f 1 ,K * + K − amplitude is then given
with ǫ the polarization vector, similarly with the other components.
In view of this, the K − p → Y f 1 → Y KπK decay proceeds via the mechanism shown in Fig. 1 . We should note that this mechanism is the same one used in Ref. [20] to study the
K − p → Λf 1 (1285) reaction, but in that work the process stops in the f 1 production of Fig. 1 without looking into the specific decay channel of KπK, hence, the f 1 (1420) excitation was not addressed in that work.
We shall specify the K 0 π + K − decay channel of f 1 , and, hence, only the (b) and (g) diagrams of Fig. 1 contribute.
Apart from the f 1 coupling to K * K , we need the coupling of K * to Kπ which is given by the standard Lagrangian
with P, V the standard SU(3) pseudoscalar and vector meson matrices
On the other hand, we need the K * BB vertex. In chiral dynamics this vertex is given in terms of the Lagrangian [21, 22] 
with the SU(3) baryon matrix B given by
Since we will work with relatively lowK energies, we will take the spatial components of the K * , ǫ i , neglecting the ǫ 0 component, which has been shown to be a very good approximation even for relatively large K * momenta [23] . The relevant couplings are then given by
, for pK * − → Λ;
1, for pK * 0 → Σ + .
A different BBV vertex is used in Ref. [20] following Refs. [24, 25] , given by
where M, M ′ , p, p ′ are the masses and momenta of the incoming and outgoing baryons, with α = 1.15 and κ = 2.77 according to Refs. [26, 27] and a slightly different value of g. The magnetic σ µν term of Eq. (12) is usually neglected in chiral dynamics calculations since the momentum transfer is small, but in this case it is not negligible and we shall take it into account. The coupling of Eq. (12) seems much bigger than that of Eqs. (10), (11) but they are accompanied with form factors which are normalized differently. In the formalism 1 correcting a misprint in Ref. [21] .
of Eq. (12) the form factor is normalized to unity when q 2 = (p ′ − p) 2 = m 2 K * , while in Eqs. (10), (11) it is normalized to unity for q 2 = 0. We shall take a form factor of the type Λ 2 Λ 2 − q 2 for Eqs. (10), (11) ;
and we shall see the difference between the results with the two approaches, which we will accept as uncertainties of our results.
With the ingredients discussed above, the amplitude for the diagram of Fig. 1(b) is given
We should also sum coherently the contribution of the diagram of Fig. 1(g) . Since K * + and K * 0 are different particles, in the limit of small K * width these diagrams do not interfere.
In addition, the different angles of ( p K 0 − p π + ) and ( p K − − p π + ) also make the interference smaller, and then we neglect it. As a consequence, and evaluating explicitly the ū|γ i |u , ū|σ iν |u matrix elements we obtain at the end,
where an angular average in [( p K − p π ) · p ] 2 and [( p K − p π ) · p ′ ] 2 has been done, and the cross section for the reaction is given by
with the limits of the integration for M inv (K 0 π + ) with fixed M inv (K − π + ) given in the PDG [11] , and pK the initialK momentum.
We can tune the Λ parameter to get an important datum which is the integrated cross section for f 1 (1285) production in the K − p → Λf 1 (1285) at √ s = 3010 MeV, σ = 11 ± 3 µb [28] . The process can be described by the diagram of Fig. 2 .
Proceeding as before, we find now
where p f 1 , pK are the f 1 andK momenta, and now (
III. RESULTS
The first step is to use Eq. (17) to obtain the cross section for K − p → Λf 1 (1285). By using Eq. (12) for the BBV coupling and a value of Λ = 1250 MeV, we find σ = 11.07 µb.
This result is compatible with those of Ref. [20] where a bigger Λ is demanded because extra powers of and the form factor of Eq. (13) normalized to 1 at q 2 = 0, then we need a value Λ = 1900
MeV and we get σ = 11.24 µb. We shall use these two versions of the BBV vertex and evaluate the cross section for K 0 π + K − production of Eq. (16), accepting the differences as uncertainties. The results will be given with the coupling of Eq. (12).
In Fig. 3 we show dσ dcosθ dM inv (K 0 π + K − ) for cosθ = 1 as a function of M inv (K 0 π + K − ) for thē K 0 p → Σ + K 0 π + K − at twoK 0 energies corresponding to √ s = 2850 MeV and √ s = 3010
MeV. We observe a clear peak at the f 1 (1285) nominal mass, corresponding to the KπK decay of the f 1 [11] , but interestingly we find also a peak around M inv (K 0 π + K − ) of 1420
MeV. This peak comes from the f 1 (1285) → K * K when the K * becomes on shell. We should see this peak as a combination of two factors: The increasing of M inv (K 0 π + K − ) allows the intermediate K * to get on shell, increasing the cross section, but the tail of the f 1 (1285) tends to reduce the cross section with increasing M inv . The result of it is the peak seen at 1420 MeV which is hence the manifestation of the K * K decay mode of the f 1 (1285) and did not come from any new resonance.
There is no need to show results for the K − p → Σ 0 K 0 π + K − reaction, since neglecting the Σ 0 , Σ + mass difference the cross section is just 1 2 of the former one (see Eq. (11)). At this point, it is interesting to see what happens if we use the BBV coupling of Eq. (11).
The results are very similar but about a factor of two smaller. We accept this as uncertainty in our results. Yet, the important thing is that the shape of the cross section is practically identical, with about the same ratio of the strength at the 1420 MeV and 1285 MeV peaks.
In Fig. 4 we show the cross section for the K − p → ΛK 0 π + K − reaction for cosθ = 1 and √ s = 2850 MeV, 3010 MeV. The results are very similar to those shown before except that they are about a factor of 6 smaller in size, according to Eq. (11). Once again, the peak at 1420 MeV appears as before and the ratio of the strengths at the peaks is also very similar to that found before. We have also evaluated the results with the BBV input of Eqs. (10), (11) and the form factor normalized to 1 at q 2 = 0 and, as before, we find the same shape for the cross section and a size about 1 2 the former one. The size of the cross sections obtained is relatively large, and the fact that there are results in Ref. [28] guarantees its measurability in present facilities.
It is worth making some observation about possible contamination of background from other sources. In order to minimize this potential contribution, one should bear in mind that the characteristics of the peak at 1420 MeV that we obtain is that it corresponds to K * K , concretely K * + K − andK * 0 K 0 since, as discussed above, the peak comes from placing the K * on shell in the diagrams of Figs. 1(b) and 1(g) . The other important feature is that the K * K are produced in relative s-wave. These two conditions can serve as a fitter of other possible background contributions that could distort the picture that we have obtained.
IV. CONCLUSIONS
We have evaluated the cross section for theKp → Y K 0 π + K − reactions, withK = K 0 , K − and Y = Λ, Σ 0 , Σ + in the region of invariant masses around M inv (K 0 π + K − ) ∈ [1200, 1550] MeV. The fact that the f 1 (1285) couples very strongly to the K * K components has as a consequence that the mechanism with K * exchange leads to the production of that resonance in these reactions, which has been already observed in the K − p → Λf 1 (1285) reaction. The novelty presented here is that together with the f 1 (1285) excitation, the reaction shows a peak at 1420 MeV in all these reactions, which would be very interesting to observe experimentally. The study done here indicates that this peak, seen in the K * K final state, which has been associated to the "f 1 (1420)" resonance in different reactions, is not a resonance but the manifestation of the K * K decay mode of the f 1 (1285). The observation of these predictions in future experiments would help greatly in clarifying this issue. 
